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A method of detection of a species in which
the formation of a species-related complex (3, 4, 5)
causes displacement of an electrically conductive fluid
(29) from a measuring zone (20) and the resultant
change in the electrical impedance measured in said
zope via clectrodes (7 and 8) is used to determine
the presence of such a complex The measuring zooe

4, S)xscreawdonthcsubsuatemoradjacemlome
atleastonems(lQ)

4 2
6” Z 7 Lo
4 |
500
B 23(7“4“/\5 4
G-o I/ ' gﬁ -5
y

( Ei\

|28

Y
\

-/




FOR THE PURPOSES OF INFORMATION ONLY

Codes nsed to |dcnufy States party to the PCT on the front pages of pamphlets pubhslnng mmanonal '

appllmons under the PCT.

AT . Ausria GB . United Kingdom MR
AU Australia GE Georgia - MW
BB Barbados GN  Guinea NE
BE Belghmn GR Greece . NL

_BF . Burkima Faso ° HU  Hungmy NO
BG  Bugmis - E _ Irlnd Nz
B}  Bain. T Inly n
BR Brazil P Japan PT
BY  Belaus KE  Keoys ~ RO
CA Capads KG Kyrgystan RU
C¥ Ceutrat Afiicin Republic KP D ic Peopie’s Repabld L
CG Congo - of Korea SE
cH Switzerland KR Republic of Kores St
cI Cowe d'Iwobse KZ  Kankhstag SK
™ Cameroos u Liecincostein SN
N China LK Sri Lacks ™
cs Czechoslovakia LY Luxembourg TG
€CZ  Crech Republic Lv Latvia T
PE Gesmany MC Mooaco iy y
DK  Demmark MD  Repubilc of Moldova uA
ES Spain MG Madagascar us
Fi Finland ML Mall Lz vz
FR France MN Mongolia- VN
GA Gadoo

Mauritania

Maliwi

Niger .
Netberlands
Norwsy

New Zealand
Poland

Portogal

Romanis

Russian Federatico
Sudan )
Sweden

Slovenia

Slovakia

Sencgal

Oad

Togo

T

Trinidad and Tobago
Uknaine

United States of America
Uzbekistan

Viet Nam

REp Y



WO 94/23295 ' PCT/GB94/00736.

BIOLOGICAL SPECIES DETECTION METHOD AND
BIOSENSOR THEREFOR

Background of the Invention
1. Field of the Invention
This invention relates to a method and apparatus for
the conductimetric determination of biological spec1°s (in

‘part1cular antibodies and antigens) .
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2. Description of the Related Art
‘The immunological detection of antibodies or antigens
is well known and documented, examples being ELISA and latex

-agglutination based test kits. In many tests an enzyme is
11nked to an antlbody and subsequent reaction of this enzyme

with a suitable substrate results in a colour development.
In other examples immunological biosensors have been
constructed where the enzyme produces an electrochemically

- active species and these have been demonstrated to work. To
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date, - however, only the colour-based systems have been
commercially successful

. GB-A-2204700 discloses a sensor for chemical species
whlch. _uses conductance changes in channels of molecular
dlmen51ons. . EP-A- 0342382 dlscloses an_ enzyme linked
1mmunoassay wherein conductance change is a- result of enzyme'

act1v1ty cau51ng electrode coatlng

Us- A 3799743 1s concerned w1th 1y51s responszve llpzdd

fbllayers in which a binding reactlon at the b1layer surface

changes the structure and 1ncreases conductance. US A-
4191739 measures partlcle size dlstrlbutlon with a res1st1ve
pulse method as partlcles pass through a hole but is not
concerned wlth changes in solution impedance due to part1a1
plugging of the hole.

Summary of the Invention
According to one aspect of the invention there is



WO 943295 PCT/GB94/00736.

10

"~ 15

20

25

30

35

-2 -

provided a method of detection of a species in which the
formation of a species-related complex causes.displacement

~of an electrically conductive fluid from a measurlng zone

and the resultant change in an electrical parameter measured
in said zone is used to determine the presence of such a

complex which is characterised .in that the measuring zone-is

associated with at ‘least one recess in an electrlcally
1nsulat1ng substrate and the ‘complex is created on the
substrate in or adjacent to the at least one recess.

By using the present invention, no enzymes are
required. Antibodies may be linked to particles such as
latex beads to provide mobile antibody-coated particles of

appropr1ate size. These antibody-coated particles in turn:
can bind to antlbody or antibody-antigen complexes which are

bound (e.g. to the inside  or: edge of a hole of suitable
dimension in . an appropriate base material, typically. a

.plastic). Thus, when the artefact under test is immersed in-

a conductlng filuid contalnlng antibody-coated partlcles and

an. electric field, which may be alternatlng, 1s generated

between two. electrodes (e.g. across a hole in a substrate)
the 1mpedance can be. measured When the coated partlcles

become bound to the inside or edge of a hole, fluld 1s
dlsplaced with subsequent increase in the 1mpedance across.

the hole.' In ‘this aspect the operatlon of a blosensor-
according to the invention is similar to that of a Coulter
Counter in which the passage of a microbe through a .small
aperture results in a transient 1mpedance change - Unlike

the Coulter Counter, however, the aperture in a blosensor,
accordlng to the present 1nventlon is antlbody coated_
resultlng in a permanent 1mpedance change on blnd1ng of the
analyte the permanence of the change being . acceptable o

because the sensor is dlsposable after use. Furthermore,
since antibody-coated beads may be used very. small target
molecules can be detected by the same technlque since the
volume exclusion is effected by the coated partlcles thCh
become attached to the analyte. The change in 1mpedancevls
a measure of the particle-antibody complexv with its

.-
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corresponding binding site on the antigen (which may be
another antlbody) A quantitative measure can be made
because as more latex bead- antlbody complexes bind, the

’1mpedance will contlnue to change. Many holes -can be
_combined to 1ncrease the range of the signal or be used as

references to eliminate adverse effects of the environment
or sample.. Furthermore the internal dlmen51ons and the
areal density of holes can be optimised in a biosensor
according to the invention to produce the best signal to

noise ratio.

The binding event can be assisted by causing the fluid
to flow through- a hole or increasing the rate of mass

‘transfer across the surface of a hole. Fluid can be caused

to flow through a _hole by suction or by use of an absorbent
pad attached to one surface of the plate containing the
hole. ,;Simi_la'rly,,-the use of a filter can be used_' to ensure

the reagents 'are’_kept in close proximity with holes and not -
"lost to a‘b‘ulk' test solution.

If the target analyte lS 1tself of suff:.c:.ent sxze, for :
example a micro- organism, it may not.. be necessary to use
particle linked- ant:.bod:.es. In this instance _ant:_Lgenlc'-
groups on- the 'Surface of .the’ organism can cause the organism.
to. b:.nd to antibodies on ‘the surface ‘of the hole and

suff:.c:.ent fluid can - be dz.splaced to effect an’ 1mpedance

25

change. .

If a test solutlon 1s caused to flow, for example _

through a hole or by stlrrmg. then ant:.bod:.es may be

30
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attached to a su:.table member, wh1ch may . be movable, ,_for

) example a rod or cone. .The ‘movable member may be placed in

the flow1ng test solut:.on that conta:ms the antlgen of
1nterest where they can bind to the antlbodles attached to"'
the member. - - A second antlbody attached to a- part:.cle may be
:mtroduced to the flow if the antigen is not large enough to
displace a suitable volume of l:Lun.d An electrlc field can
then be applied and the 1mpedance changes measured The -
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member may move in and out of the field to assist in the
measurement or complex formation or to unblock the hole if
one is used. (cf. Questor, Difco. UK). To quantlfy the
measurement secured with a biosensor according.'to this
invention an initial impedance value prior to antigen

. attachment  can be measured. Alternatively a reference
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binding event. In this aspect the binding of antibodies to
antigens result in obstruction of the electrode surface and.
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movable member and electric field can be used to assess

changes in resistance.

The roles of antibody and antlgen can also be reversed
For example the antigen may be absorbed to the inner surface
of the hole to build a system to detect the presence of

specific antibodies.

in a further aSpect of the invention, no through hole

-is needed and an electrochemical reaction 'at a micro-.

eleetrode can be. used to observe the -antibody-antigen

can be probed using a suitable electrochemically active
species.

_ In a varlatlon of thls mode of operatlon strlpplng
'voltammetry can be used as the method of detection. Thus,'

for example, an electrochemically.active labelled- antlgen

can be dlsplaced from a- surface bound antibody by a target.
_antlgen 1n compet1t1ve immunoassay and made to concent:rat:e-~
at an»electrode. The electrode can, for example, be covered_

with‘ah ion-permeable’ (e.g. BAFION). film into which the

redox labeiled’species is allowed to concentrate for some_
time before being determlned by - either oxldatlon or.

reductlon. In this way it is posszble to capltallse on the

sensxt1v1ty of electrochemical pre- concentratlon technlques_

in comblnatlon with the select1v1ty of an 1mmunoassay_

method . In a preferred embodiment, the electrode would',
comprlse a mlcroelectrode .array formed in an 1nsulat1ng_'
layer onto ‘which the redox labelled antlgen antlbody '
conjugate would be bound. This configuration maximises. the "

MU L u
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efficiency' of capture of the labelled antibody' by the
electrode. The same configuration could be used if the
antigen were 1labelled with a strongly adsorbing redox
species. Displacement of this molecule in the vicinity of
the.electrode would result in adsorption onto the electrode
Subsequent electrochemical detection of the adsorbed Spec1es

‘could then be used to determlne the concentration of the

orlglnal unlabelled antigen.

In a 51m11ar configuration, the antigen label need not
be redox active, only approprlately charged. If. the
electrode were to be covered with a suitable material, such
as an organic gel, the labelled antigen will partitiqn and

concentrate into this material and can then be determined by

15

.charge transfer on polarisation of the interface between the

electrode covering material and the analyte solution.

A highly sensitive version of the stripping voltammetry
methodology involves the use of antibody coated particles of
a metal chosen because it can be readily determined by

.strlpplng voltammetry Numerous configurations for such a

20°
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method are clearly possible. . One example is as follcws:
One antibody to the analyte of interest is bound to a sensor
surface and the sensor is then 1mmersed in a sample solutlon
to which metal particles coated with a second antlbody to
the analyte have been added. 1In thls way, if’ analyte is.
present in the sample,vthe metal particles become attached
to the sensor via sandwich formatlon and their presence can.
be subsequently determined by strlpplng voltammetry, eltheri

directly or ‘after dlssolutlon - In the latter case the;

dlssolutlon of the metal can be effected elther chemlcally_
(e.g. by ac1d1f1cat10n) or by electrochemlcal generatlon of
an oxidant (e.g. a more noble metal).

Brief Description-of the Draﬁings ' .

Speclflc embodiments of the . 1nvent1on w1ll now be‘
descrlbed by ‘way of examples, w1th reference to the
accompanying drawings, in which:
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Figures 1 and 1A show a single hole arrangement of

biosensor, respectively, in schematic cross-section and
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isometric view,

- Figure 2'shows a multiple hole arrangement of biosensor
in schematic cross-section,

Figure 3 shows a multiple hole arrangement in plan,

Flgures 4 and 4A show arrangements of . antlbodles and

antlgens,

Figure 5 shows an alternative arrangement for

immobilising antibodies,

Flgure 6 shows a simple circuit for the measurement of,

re51stance,

Flgure ‘7 shows a sxmple arrangement where only one

-antlbody is used

Flgure 8 shows an arrangement where a hole is  not

:requlred

Flgures 9 and 9A show an arrangement con51st1ng of many

'holes in an 1nsulator on the surfaces of. whlch f1e1d
'generatlng electrodes have been dep051ted

' Flgure 10 shows an arrangement where a mu1t1 analyte

array 1s used

Flgures 11 and‘ iiA :show :1n plan and section,-
respectlvely, an alternatlve to the use of round holes,

Figure 12'”and 123 show 1n plan and sectlon,:
respectively, an arrangement in whlch -an array of small
holes are used to focus the fleld,
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Figures 13 and 13A show two arrangements where the bulk

of the fluid does not pass through the holes but passes in
a highly turbulent manner across the surface of the sensor,

Figure 14 shows an arrangement where antibodies are

"coated onto or in the vicinity of at least one micro-

electrode,

hFigure 15 shows an arrangement in which a labelled
antigen is displaced by a target antigen close to one
electrode,-and ’

_ Figure 16 shows a further arrangement utilising metal
particles trapped in . the vicinity of a measuring
electrode. '

~Description ‘of Preferred Embodiments

Referring to Figures-1 and 13, a hole 19 1s formed 1n_

‘a plate of suitable electrically insulating material such as
plastic or glass 1. To the inside surface 2 and/or in the

vicinity of the hole 19 antlbodles 3 are attached through

.adsorption or by another method' such as covalent bonding.
An electric -field is generated across the hole 19 by
applying a potential difference between electrodes 7 and 8

in contact with a fluid 29 trapped between plates 9 and 10.

The 1mpedance or admittance between these electrodes. 7 and
.8 measured via their feeding conductors 12, 11 is determined

. over a sphere 20 of a diameter set by the siié of the hole

25

30

19 extendlng outwards from the hole 19. The fluld 29

_contains antxbody coated partlcles (e g. latex beads 4)

Whlch in the presence of the appropriate antigen, are held'
in place within the sphere 20 by antlbody-antlgen complexes
3, 4, 5 and 6 in the region of ‘the hole 19. Aas these
complexes  3-6 dlsplace electrolyte, the 1mpedance measured»

-between the Velectrodes 7 and 8 is altered s;nceA thls:'

impedance includes the bore of the hole 19 and the complexes
contained therein. To ensure that blndlng takes’ place

within the influence of the sphere 20, the antlbodles 3 are
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preferably attached to the inner surface 2 of the hole 19.

‘A mult1 hole . - embodiment of blosensor is shown. in

- Figures 2, 9 and SA. Many holes. 19 can be produced in the

base material .1. The bores of some'of these holes 19 .can be
coated with antibody 3. - If the bore of a hole 19 is not
coated with antibody 3 it can act as a reference - to
eliminate interferences from both a test solution and the
environment. The electrodes 7 and 8 can be formed on

: surfaces 27 and 28 of the base material 1 in the form of a

10
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printed circuit such as the example shown in plan in Figure
3 in which multiple electrodes 8, 13, 15, 17 are used to
allow the impedance within each hole 19 to be measured

independently.

- Figure 4 shows the use of sandwich complexes to cause
the latex beads to be held w1th1n an appropriate part. of the

_ electrlc fleld Figure 4A shows the use of anti-antibodies,
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for example rat antlbodles 3 can be used on the 1nner

-surface 2 and rabblt antlbodles 5 to rat antlbodles can be

attached to the partlcles 4._ The rabbit antlbodles 5 can-
only blnd to a .rat antlbody 3 if the antlgen 6 has not -
complexed w1th the correspondlng rat antibody 3. In- thls.
case a rise in impedance will 1nd1cate the absence of the

antlgen 6.

Flgure 5 shows an arrangement where antlbodles can be :
attached to a movable member 21 that may partly penetrate
:.nto a- hole 19. The llqm.d w:Lth the . antigen . 6 to - be
measured can be sucked or forced through the hole 19. As
theu_flurd passes over the member 21 antigens 6 become
attached to'the antibodies 3. ~Antibodies 5 attached to the
latex beads ‘4 are 1ntroduced and in turn attach to. form
complexes 3, 4, 5 and 6. . The 1mpedance wzll 1ncrease 1f
ant1gen 6 is present but not otherwise. If the hole 19
becomes blocked the member 21, since it is’ shaped llke a
cone, can be moved 1nto the hole to remove the blockage _A
reference cone can be included ‘to assist in returnlng the
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movable cone to its original position.

Figure 6 shows a simple measuring circuit where;the~
electric field 20 is generated by a voltage-source 23 via

the conductors 11 and 12 and the electrodes’ 7 and 8, a

voltmeter 24 determining the potentlal across the electrodes

and a sensitive.current measuring device 25 measuring the

current'flowing between the electrodes in parallel with 24.

Figure 7 shows an arrangement where no second antibody

5 or latex beads 4 are required. . The antigen 26 used, for

example a micro-organism, is sufficiently large to displace
enough liquid, by itself, to cause a change in the

impedance.

Figure 8 shows an arrangement where no through-hole 19
is needed. The first antibody 3 can now be attached to the
outer  surface 27 of the base material 1. An electric field

‘is generated between electrodes 7 and 8 as a hemisphere .20a

sited above the surface of ‘a blndlng area 19a. As the
antigen-antibody- latex. complexes 3, 4, 5, 6 form w1th1n the
hemisphere 20a the measured impedance between electrodes‘7
and 8 changes. A cover 30 (evg which could be the. integer"
9. or 10) may be used to confine the hemlspherlcal field 20a

 and a1d measurement. The cover 30 may be movable towards

25

30

or away from the base material 1 to allow greater access off
the antlgen 6 to. the bound -antibody. 3. ' L

: Flgures 9 and 9A show an arrangement of blosensor Wlth
multlple holes 19. The electrodes 7 and 8 can be formed by

‘dep051t1ng a suitable conducting wmaterial, for example

carbon or gold, onto 1nner 28 and outer 27 surfaces of the
base material 1 and then the holes can be drllled through
the entlre assembly In this conflguratlon the field
generating electrodes can be very close together so that the
1mpedance between the two electrodes is hlghly sensitive to
events taklng place w1th1n the respective holes 19

s
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Figure 10 shows, in cross-section, an arrangement where
antibodies to different antigens/analytes are,attachedvto

 individual holes 19. Each hole is adapted toc detect a

particular antigenic species, the corresponding antibodies
5 and 33 being attached to the particles 4. If the antigens
6 and 31 are of sufficient size, for example micro-

-organisms, then the second antibodies 5 and 33 attached to

~the particles 4 will not be required. A device configured

10

15

in such.a way would be capable of simultaneous determination

of several species.

Figures 11 .and 11A show an arrangement of biosensor
where the holes 19 are not round and the first antibody 3 is
attached to a portlon of the base material 1 whlch has holes
19 of various shapes adjacent to 1t

Flgures ‘12 .and 12A show an arrangement of b1osensor

there a matrix 34 of small holes 19 are used to focus the

20
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electrlcal field. A first antibody 3 can be. attached to the
surface 27 of the base mater1a1 1in the regions that remaln
adjacent to. the matrix. 34 of small holes

Referrlng to Fzgures 13 and 13A the fluld 1s made to
flow along one surface of the dev1ce beneath a cover 30 1n‘
a uanner such that . a hlgh mass transfer coefflc1ent 1s
generated greatly increasing the probablllty of the analyte

-belng captured A specific advantage of this geometry is

that ‘a high volume of liquid can be sampled with a hlgh
probablllty of capturing a low concentrat1on of spec1es:‘

'w1thout the need for time- consumlng f11tratlon.v.u~The_

electrodes -7 and 8 coat the layer of base material 1 and a

»bottom sheet 31 closes the measuring zone from below.

N Referrlng to Flgure 14 each hole 19 can ‘be formed 1n
an 1nsulat1ng 1ayer 1l on a conductor 7 to produce a micro-
electrode or -micro- electrode_ array as descrlbed in
w091/08474 The antlbody 3 can be bound to exposed areas of
the conductor 7 or to the lnsulatlng layer. Subsequent
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attachment of a target antigen 6 or a particle'antibody~

antigen~complex 4, 5, 6 results in restricted d1ffus1on,-

within a diffusion hemlsphere 20a, of an electrochemlcally

_active marker species E and this restricted dlffu51on can be
. sensed electrically as a change in impedance.

-Referring to Figure 15, a labelled antlgen 6a attached

to.an antibody 3 is bound in close .proximity to a micro-
~electrode exposed through a hole'19 in a layer 42 overlaylng

: the electrode 7. The labelled antlgen 6a is dlsplaced by a

10

15f"
’4a become - attached to surface bound antlbodles 3 via

20

25

target antlgen 6 and accumulates either- on the electrode
surface 7 or, as illustrated, in a layer of film 8 covering
the ‘electrode 7. The presence of the labelled antigen 6a

‘can- then be determined -electrochemically providing an

1nd1catlon of' the presence of the target antlgen 6.
‘Referring to Flgure 16, antlbody coated.metal partlcles

sandwich formation with a respective antlgen 6 and held 1n
close proxlmlty with an opening 19 formed in a layer 43

.overlaylng the electrode 7. The presence of metal is then
determined electrochemlcally either dlrectly or via medlated )
electron transfer using another electroactlve spec1es such:A,
as,.an electrochemlcally generated oxldant layer_ 45

prev1ously coated onto the electrode surface 7.

”_ A convenlent way to fabrlcate any of the above-'

descrlbed apertured plates is by laser photoablatlon (see_

w091/08474) Thick f£ilm dep051t10n processes can be used in
the fabrzcatlon of blosensor devlces accordlng to thls
1nventlon ) :

PORFIZ YN
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CLAIMS

1. . A method of detection of a species in which the
formation of a species-related complex causes displacement
of an electrically conductive fluid from a measuring - zone
and the resultant change in an electrical parameter measured
in said zone is used to determine the presence of such a
complex characterised in that the measuring zone . is
associated with at least one recess in an electrically
insulating substrate and the complex is created on the
substrate in -or adjacent to the at least oﬁe'recess.

‘2. - A method according to claim 1, character1sed in

that the or each recess is a hole and the fluld ‘passes
_through the at least one hole to aid formatlon of the

complex

l. .. A method accordlng to clalm 1 or clalm 2,
character;sed in that the complex is created on-an antlbody-
coated,partlclevand the partlcle.dlsplaces flu;d from -the
@easuring_zope. ' 7

4. An 1mmunologlcal blosensor where the formatlon of
surface bound antlbody/antlgen complexes results in the
dlsplacement of a conductlve fluid 1n a measurzng zone;
defined by an electric field cau51ng a permanent change 1n
the electrlcal 1mpedance measured 1n said zone.

: 5.' An 1mmunolog1cal blosensor as clalmed in clalm 4

.characterised in that the measurlng zone 1ncludes at least.

one hole in an electrlcally insulating base materlal thei
1nner surface of the at least one hole belng coated with
antibodies.

6. An 1mmunologlca1 blosensor as clalmed in clalm 5
characterxsed in that the electrlc fleld 1s generated across
at least one hole in a base materlal whlch is 1mmersed in a
fluid.



WO 94/23295 : ) ) PCT/GB94/00736

10 ..

15

- 13 -

7. An immunological biosensor as claimed in'ciaim‘4

‘5 or 6, characterised in that a second antibody is used and
attached to a suitable mobile particle. o

8. An immunological biosensor as claimed in claim S,
6 or 7, character1sed in that many holes are prov1ded in the

same base material.

"9.. An 1mmunologlcal biosensor as claimed in claim 8,
character1sed in that some of the holes act as reference

holes.

10. An immunological biosensor as claimed in any one
of claims 5 to 8, characterised in that fluid passes through
the at least one .hole to aid the formation of

fantibody/antigen'complexes.

11, An 1mmunologlcal biosensor as clalmed in any one'
of claims 5 to 8, characterised in that a sultable ‘material

" overlies the base material to entrap antlbodles attached to

~ particles in the fluid.

20

12. An 1mmunologlcal blosensor as clalmed in any one

.of clalms 4 to 11, characterised in that a first antlbody is

attached to a cone or rod ‘'which: can move in and out of the
electric fleld ' ’

13. ‘An ihmhhdloQical*biOsensor as claimed in claim 4

..or. claim 7, characterised in’ that the electric fleld is
B generated across the surface of a substrate and electrolyte

25

is- displaced by antlgen/antlbody complex formatlon cau51ng
a change 1n.measured 1mpedance of the measurlng zone.

14. An dimmunological blosensor as cla1med in clalm 10

. characterised in that a material 15 used on the under51de of'

30

the base materlal havlng propertles to. draw fluid through
the at least one hole.
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15. An immunological biosensor as claimed in any one
of claims 4 to 14, characterised in that at least one hole

adjacent to the measuring zone is used to position the

"electric field.

10

_ 16. An immunological biosensor as claimed in claim 8
or claim 13, characterised in that different antibodies are
attached to different holes or recesses or regions adjacent

-thereto to yield a multi-analyte test sensor.

17. An immunological biosensor as claimed in any  of
claims 5, 6, 8, 2, 10 or 14 to 16, characterised in that the
hole(s) in the base material is/are made using laser

' ‘photoablation.

15

20

25

18. An immunological biosensor as claimed in claim 5,
8 or 15, characterised in that the electric field is focused

by a matrix of holes.

- . .19. An immunological blosensor as clalmed in claims 8,
11, 16 or 18, where means  to enhance mass transfer is
provided to increase sensitivity.

26 . An 1mmunolog1cal blosensor as claimed . 1n any
precedlng clalnn 'characterzsed in that the substrate is

fabricated by’ a thick fllm depos1t10n process

'1 21. . An 1mmunologlca1 blosensor comprlslng a dlsposable

mlcro electrode w1th at least one recess thereln and w1th

antlbodles attached in suff1c1ent proxlmlty to the at least
one recess -that antigen bxndlng can be observed as a
permanent change 'inv' steady state ' current _ due  to
electrochemical oxidation or reductlon of an approprlate
marker species. '
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